Hybrid poplar plantations are increasing worldwide and are often accused of impoverishing 24 bird communities in surrounding farmland and woodland areas. We conducted 124 bird point 25 counts in a landscape where plantations, semi-natural forests and farmland occupied similar 26 surface areas. As expected, birds occurred at higher densities in forests than in plantations, 27 mostly due to the scarcity of late-successional forest birds in plantations. Contrary to 28 expectations, bird communities were the poorest in farmland dominated areas and the most 29 
Introduction 45
Many fertile floodplains in Europe were occupied by large riparian forests dominated 46 by hardwood tree species (oaks, ash) before the Middle Ages (Petts et al., 1989) . Human 47 population growth caused a progressive conversion of a large part of these forests into 48 farmland, while most of the remnants were managed as coppices or coppices with standards 49 for fuel wood production (Steiger et al., 2005) . The farming on these lands varied greatly over 50 time and space, and the landscape included pastures, hayfields, various ploughed fields, and 51 more recently maize fields and set-asides. From the XVIIIth century onwards, poplars were 52 often planted at the expense of arable lands and the few forest remnants (Petts et al., 1989) . 53
Many factors jointly caused an acceleration of this phenomenon after the 1950s: the 54 embankment of large rivers limited the occurrence and magnitude of floods that poplar 55 plantations are sensitive to, the overproduction of dairy and meat production in Europe caused 56 a strong decrease in cattle numbers, the need for wood fibre increased, poplar plantations 57 (from two-year stems) readily took , and fast-growing, fungus-resistant cultivars became 58 available through hybridization among European, Asian and American Populus species 59 (Schnitzler, 1994) . In France, hybrid poplar plantations now represent 1.6% of the forested 60 area (ca 260,000 ha) and this area is still increasing (+0.8% between 1988 and 2002, 61
SCEES/Terruti data 2003). 62
Since 1980, hybrid poplar plantations have been accused of contributing to the 63 decrease in bird populations in floodplains in Western Europe (Zollinger and Genoud, 1979 ; 64 Schmitz, 1986; Pont, 1987; Mourgaud, 1996; Godreau et al., 1999) . However, this seems to 65 be an over-simplification. Indeed, several studies have shown that some uncommon/rare birds 66 may use poplar plantations; for example, the Golden oriole Oriolus oriolus is restricted to 67 mature poplar plantations in Great-Britain (Dagley, 1994 The study area was first mapped from colour aerial photographs taken in 2001 and 124 2004 (NGI data). We separated unpaved and paved roads and identified nine major habitats: 125
(1) very young VYP, (2) young YP and (3) mature MP poplar plantations; (4) young YF and 126 (5) old OF hardwood forests; (6) farmland Farm (cropland and grassland combined); (7) 127 urban areas; (8) aquatic areas (rivers, ponds, lakes) and (9) other open habitats. We attributed 128 one of these habitat classes to the 1,592 polygons that were individualised from aerial photos; 129 then, in the field, we checked the correctness of this attribution. In the field, poplar stands 130 were attributed to the very young class when the mean diameter at breast height (dbh) was 131 less than 20cm, to the young class when the dbh was between 20 and 30cm, and to the mature 132 class when above 30cm (i.e. when the canopy closes). In the area, poplars are cut when about 133 20 years old. Mean distance between poplars in plantations is almost invariably 7m in the area 134 (occasionally 6 or 8m). Plantations are ploughed, and sometimes fertilised, at plantation; the 135 clones most often used are Populus x interamericana "Beaupré" and P. x canadensis "I214". During the count, the observer (FA) used aerial photographs centred on the points to 164 localise all singing (the great majority) or moving/flying (a minority) birds. The fact that the 165 landscape was very fragmented helped to locate the birds. As for the territory mapping 166 method, the observer estimated whether the birds recorded during the second visit had already 167 been detected during the first visit (according to the spatial proximity among the contacts). A 168 total of 2,482 individual birds (62 species) were recorded and incorporated in the GIS. Totalcover for the 1-4m and 4-8m vegetation layers was visually estimated (and classified in 5% 170 increments above a minimum 5% total cover). The mean poplar dbh was measured in poplar 171 plantations immediately surrounding the points (but not in more distant plantations). 172 173
Data analyses 174 175
To test our working hypotheses, for each point we estimated the bird density, the mean 176 specialisation and preference for mature forests of the bird community. Only birds recorded 177 within 100m of the observer were kept (N=1138, 47 species). To adjust raw count data for 178 imperfect detection, we treated the two visits as two replicate counts and calculated the total 179 number of individuals A (observed abundance) and the number of individuals recorded at 180 only one visit (n 1 ). We calculated the Jackknife 1 estimator (Jack1 = A + n 1 /2) and its 181 standard deviation (SD = ½√(3n 1 )) for each point as an estimate of the total number of birds 182 (all species) present within 100m. This estimator assumes heterogeneity of detection among 183 species (Burnham and Overton, 1979), a classical phenomenon in bird communities 184 (Boulinier et al., 1998). Density (number of pairs.ha -1 ) was then estimated as Jack1/π (the area 185 100m around the point, in ha). In models, we used the inverse of the variance of the density 186 estimate to weight observations: observations for which density was known with lesser 187 precision were logically given smaller weight. higher the CSI, the more specialised the bird community. We followed the same rationale to 193 define the community preference for mature forests (CPMF). Muller (1985) and CPMF indices could be calculated from at least five species and we weighted the 201 observations in models using the inverse of the variance of the index estimate (as for species 202 richness). 203
Using the GIS, we extracted the area covered by the nine pre-defined habitats within 204 100, 250 and 500m of the point. We also recorded the cumulated length of (1) It was difficult to reliably assess the impact of the understory vegetation in plantations 229 on birds. Indeed, many plantations were small, leading to potentially confounding edge 230 effects. Furthermore, the observer rarely stood within the plantations during the counts, so 231 that only part of the larger plantations may have been effectively "sampled" (a positive aspect 232 of this sampling design is nonetheless that singing birds were less disturbed). We addressed 233 this issue by restricting our analyses to birds recorded within 100m of the observer, in mature 234 plantations (mean dbh over 30cm) covering at least 1ha within a 100m radius of the point (ca 235 >30% of the circle area). We further excluded all narrow plantations to limit edge effects, 236 finally retaining a list of 28 patches of mature plantations. We then estimated a density per 237 patch by dividing the number of birds recorded in a given patch (all species confounded, 238 corrected for imperfect detection using the Jackknife 1) by patch size. We built simple linear 239 models on unadjusted bird density with the 1-4m and 4-8m cover indices as explanatory 240 variables. Unadjusted bird density is given in Table 3 for the 20 most common bird species in 241 the six main habitats considered in this study. 242 243
Results 244
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Mean bird density (Jackknife1) over the 104 point counts was estimated at ca 3.8±1.5 246 pairs.ha -1 (assuming a singing male corresponds to a breeding pair). Little spatial 247 autocorrelation was found as the effect of the spatial smoother was never significant. Bird 248 density was correlated to neither CSI nor CPMF, but the latter two variables were highly 249 negatively correlated (Pearson's r = -0.55, t = -5.7, df = 77, P<0.001). For the three indices, 250 the model including explanatory variables defined locally (i.e. 100m around the point) had a 251 significantly lower AIC value than models including variables defined at larger scales (250 or 252 500m) ( Table 2 ). Models explained a reasonable part of the variance for CPMF but a more 253 limited part for CSI and bird density, reflecting either measurement error or less determinism 254 in these variables (Table 2) . 255
Bird density primarily decreased with farmland area and was highest in forests (Table  256 2). Interestingly, several habitats contributed to the CSI and CPMF but at different levels: CSI 257 increased primarily with the area of very young and young poplar plantations and secondarily 258 with the area of farmland. Similarly, CPMF was mostly related to the area of old forests but 259 the negative impact of the main other habitats gradually decreased with the structural 260 similarity of the habitat to old forest (this similarity increasing from (1) very young 261 plantations, (2) farmland and young plantations, (2) young forest to (3) mature plantations). 262
None of the three indices was significantly related either to the mean patch size of 263 plantations and woodlands, or to the cumulative length of roads. Only the mean level of 264 specialisation of the species increased with the length of footpaths. 265
Variation in bird density between plantations increased with the increase in the 266 understory cover. Nonetheless, log-transformed bird density (to limit heteroscedasticity) 267 increased more or less linearly with the understory cover up to 30% (Pearson's r = 0.62,1 t=3.88, df= 24, P<0.001) and then seemed to stabilise (Fig. 1) . On the contrary, bird density 269 was unrelated to the overstory cover (Pearson's r = -0.22, t=-1.1, df= 26, P=0.17, Fig. 2) . 270 
483
Smooth df: estimated degree of freedom of the spatial smoother.
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hal-00455331, version 1 -10 Feb 2010 Table 2  485 Bird density (number of singers/10ha) of the 20 most common species calculated from the 486 124 point counts of the study depending on the habitat where the individual was recorded 487 (#Ind: total number of individuals recorded within 100m around the points, see also Table 2 
